This study evaluated, in vitro, the antimicrobial activity and the anti-adherent property of xylitol (0.5, 2.5 and 5.0%, w/v) 
INTRODUCTION
Xylitol is a polyalcohol derived from xylose hydrogenation and considered nontoxic by the Food and Drug Administration (FDA). This compound has a molecular formula C 5 H 12 O 5 (1,2,3,4,5 pentahydroxy pentane) and appears as an odorless white crystalline powder (Mussatto and Roberto, 2002; Elias et al., 2006) . Currently, xylitol's application has increased in the pharmaceutical, food industries, dental and clinical areas, being used as sweetener, excipient to pharmaceutical production, anticariogenic substance, osteoporosis combatant , acute otitis media and other pathologies (Mussatto and Roberto, 2002; Berlinck and Lima, 2003; Pereira et al., 2009; Silva, 2010) . The pathogenic bacteria adherence hosting tissue is an essential process for these microorganisms' survival and colonization; it also represents a fundamental important stage in most infectious processes (Jankowska et al., 2008; Silva, 2010) . In several cases, pathogenic bacteria adhesion is mediated by fimbriae which are present on the microorganism's surface and bind to carbohydrates on the host tissue surface (Sharon, 2006) . Bacterial adhesion to the biomaterial surface is an essential step in the emergence of many infections. However, the material's physical structure and the molecular interactions responsible for bacterial adhesion on these surfaces are still unknown (Katsikogianni and Missirlis, 2004) . A very promising approach, to research new biotechnological drugs, is based on the awareness of the microorganism's adherence on several surfaces and the mechanisms, which can prevent such colonization. There are some studies on the potential of xylitol for combating the bacterial biofilm formation, due to its anti-adherent property on some bacteria (Mussatto and Roberto, 2002; Pereira et al., 2009; Silva, 2010) . However, no reports could be found on xylitol's action with Pseudomonas aeruginosa. Nowadays, this species great importance in the development of several pathologies is known, with great emphasis on hospital infections, whose traditional antimicrobials control is often difficult, due to the its significant resistance capacity (Nowakonski, 2007) . There are reports describing the anti-adherent property of xylitol for some bacteria. Sajjan et al. (2004) studied the use of xylitol to prevent the complex adherence of Burkholderia cepacia to respiratory tract epithelial cells. It was found that xylitol (60-80 mg/mL) inhibited this bacterial strain's growth by 65%, and its absence was related to the success of lung transplants. Makinen (2000) reinforced xylitol's anticariogenic activity by studying newborns whose parents chewed gum containing xylitol. It was found that this action prevented the babies from developing caries, since aerosols from the mother would be the most common transmission way of Streptococcus mutans. This is possible because xylitol prevents bacterial adhesion on teeth, reducing the viable cell count and also the chance of transmission. Ferreira (2007) observed, through in vitro tests, that although the xylitol (1.0, 5.0 and 10.0%) did not have any antimicrobial activity on the Staphylococcus aureus strain ATCC 25923, it presented an anti-adherent property on it. Pseudomonas aeruginosa is a Gram-negative bacillus (which may appear as isolated rods or in pairs), aerobic, glucose non-fermenting and mobile through polar monotrichous flagellum. It is considered a clinically important opportunistic pathogen often related to hospital infections, because of its ability to survive for long periods adhered to surfaces, with minimum nutritional requirements and with high tolerance to environmental variations (Nowakonsky, 2007; Mata and Abegg, 2007; Li et al., 2009) . One of the main resistance mechanisms of P. aeruginosa is biofilm formation, which is an important factor in its persistence and dissemination. This bacterium also has a great ability to develop antimicrobial resistance besides being able to escape host defense mechanisms. It produces two types of protein adhesions (pilus and non-pilus) important in successfully colonizing abiotic surfaces and allowing its permanence in the host organism (Stehling, 1999; Iversen et al., 2008) . This study aimed to evaluate the antimicrobial activity and the anti-adherent property of xylitol on two P. aeruginosa strains.
MATERIAL AND METHODS
Xylitol with > 98% purity was obtained from Fluka BioChemika, Switzerland. Two strains of Pseudomonas aeruginosa were used: (1) P. aeruginosa ATCC 9027, (2) a wild strain isolated from a hospitalized patient's catheter by the Clinical Analysis Laboratory of the University Hospital of the Federal University of Juiz de Fora (HU/UFJF), Minas Gerais, Brazil (clinical P. aeruginosa).
Antimicrobial activity
The microdilution technique in Mueller Hinton Broth (MHB) was used by which the minimum inhibitory concentration (MIC) was determined with turbidimetric analysis. The bacterial suspension of each strain was prepared with a sterile saline (NaCl 9.0 g/L) to a 25% transmission in the Libra S12 spectrophotometer (Biochrom, Denmark) and, thereafter it was subjected to serial dilutions with sterile saline. After a 24 h growth period, the colony forming units (CFUs) were counted in Tryptone Soy Agar (TSA), in order to obtain a 10 3 -10 4 CFU/mL standardized bacterial suspension. For the negative control, 100µL of sterile MHB was used. The positive control consisted of 100µL of inoculated MHB with the standardized bacterial suspension (10 3 -10 4 CFU/mL). In order to prepare the test-groups, 100µL of inoculated MHB and 100µL of xylitol in three concentrations (0.5, 2.5 and 5.0%, w/v) were used. At the same time, 100µL of these xylitol solutions were incubated with 100µL of sterile MHB for the purpose of controlling their sterility. To compare the MIC of xylitol to a reference antibiotic, incubation with inoculated MHB and 100µL of chloramphenicol (0.025, 0.25, 2.5, 25 and 250 µg/mL) was performed. All the assays were carried out in triplicate. The microplate was incubated in an aerobic environment at 37ºC for 24 h. The minimum inhibitory concentration was determined through turbidity observation in the cultivation media after the incubation period. Finally, 200 µL samples that showed no turbidity was incubated in 4 ml of Tryptone Soy Broth (TSB) at 37ºC for 24 h in order to determine if the antimicrobial action found was bacteriostatic (bacteria-inhibiting) or bactericidal (bacteria-killing). These procedures were conducted according to Candan et al. (2003) .
Anti-adherent property
The colonies of each strain were resuspended in sterile saline and 200µL of these suspensions were transferred to 5 mL of TSB, which were incubated at 37ºC for 24 h. An aliquot of TSB with bacteria grown was diluted 1:10 (v/v) with 0.1 M phosphate buffer (pH 7.4). The volume of inoculum with the optical density (λ = 600 nm) of 0.01 was calculated for each strain (Ferreira 2007; Silva, 2010) . In the test groups, the inoculum was added to 50 mL tubes, which contained 25 mL of TSB, a glass slide, and xylitol (0.5, 2.5 and 5.0 %). For negative controls, three conditions were used: 1) degreasing solution and slides, 2) slides and TSB, 3) only TSB. The positive control contained the bacterial suspension, TSB, slides and 5.0% glucose. All these systems were incubated at 37ºC for 24 h (Ferreira 2007; Silva, 2010) .
Bacterial growth evaluation
The bacterial suspensions contained in the tubes were inoculated in TSA and incubated at 37ºC for 24 h for subsequent CFU counting (Ferreira et al., 2009; Silva, 2010) .
Bacterial growth evaluation after sonication
The slides were removed and individually kept in the tubes. The slides were washed (two times) with 10 mL of 0.1 M phosphate buffer (pH 7.4), then 10.0 mL of the same buffer was added to the tubes, which were sonicated (2 cycles of 10 min) at 40 ± 6 kHz. Thereafter, dilution series were prepared with each solution after sonication (10 -2 to 10 -5 ), and they were inoculated on TSA plates and incubated at 37ºC for 24 h in order to verify the colony's growth that had not adhered to the slides. The dilution that offered best counting conditions was used to achieve the experimental protocols (Locatelli et al., 2004; Ferreira et al., 2009; Silva, 2010) . Before the sonication and washing steps, the slides analyses by SEM were not performed because at this moment the test specimen remained full of proteins, carbohydrates and other compounds from the culture medium (visible to the naked eyes) which compromised the visualization of the colonies of P. aeruginosa by SEM.
Slides evaluation by scanning electron microscopy (SEM)
After sonication, the slides were again washed (two times) with 0.1 M phosphate buffer (pH 7.4) and fixated with 1% glutaraldehyde for 12 h. After this, the slides were washed (two times) with 0.1 M phosphate buffer (pH 7.4), dehydrated with increasing concentrations of ethanol (50 to 100%) with an interval of 20 minutes between each exchange, and dried at room temperature. Finally, the slides were metalized in Balzers Union FL -9496 (Balzers, Germany) with 2 nm of gold for two minutes, and subsequently analyzed in the scanning electron microscope JSM 5310 (Jeol, Japan) at high vacuum in secondary electron mode (Locatelli et al., 2004; Ferreira et al., 2009; Silva, 2010) .
Statistical analysis
The counting of CFU of both the bacterial suspensions in TSB and the solutions after sonication was performed in duplicate. The counting results of the colonies that had not adhered to the slides were expressed as mean ± standard deviation (n = 2). Statistical analysis was performed by ANOVA, followed by Tukey's posthoc test to compare the group means. Correlation analysis between the concentration of xylitol and the number of cells detached was done by the parametric test of Pearson (p < 0.05). The Statistical Package for the Social Sciences (SPSS) version 14.0 was employed for these calculations.
RESULTS

Antimicrobial activity
For both the strains, the three tested xylitol concentrations were not able to inhibit bacterial growth. Turbidity was only found in these tests and in the positive control. On the other hand, turbidity was not observed either in the negative control or in the xylitol solution sterility controls. The chloramphenicol tests showed the MIC = 25 µg/mL for the P. aeruginosa strain ATCC 9027 with bacteriostatic action. For the clinical P. aeruginosa strain, the MIC found was higher than 250 µg/mL.
Anti-adherent property
Bacterial growth An uncountable cell mass was observed in all the plates containing TSA culture medium and 1 mL of TSB bacterial suspension from each experimental treatment for both the strains. Cell growth was not observed only in the negative control (TSA), ensuring the processes' sterility.
Bacterial detachment
The quantitative result for the CFUs detached from the test specimen represented the number of bacilli not adhered to the slides, being an important reference in the anti-adherent property evaluation. A statistically significant difference was found among the number of CFUs detached by all the treatments (p < 0.05). The detached CFUs counted for both the strains is shown in Table 1 . For the strain ATCC 9027, a high positive correlation (r = 0.971) was found between the bacterial detachment and xylitol concentrations, which demonstrated the dose-dependence relation. However, this was not observed for the clinical strain for which a negative correlation was detected (r = -0.922). *Results expressed as mean ± standard deviation (n = 2). Means followed by same letter differ by ANOVA followed by Tukey's post-hoc test ( a,b p < 0.05).
Bacterial adhesion
In the negative control for both the strains, there were no particles with a similar shape and/or size to the bacterial cells ( Figures 1A and 2A , respectively), indicating that the applied test specimen treatment was appropriate. For the ATCC strain experiment, there were only significant amounts of adhered cells in the positive control (5.0% glucose - Figure 1B) , showing that the bacilli were, in fact, adhered in the test specimen (slides). However, no cells were found in the samples incubated with 0.5, 2.5 and 5.0% xylitol ( Figures 1C, 1D and 1E, respectively). For the clinical strain, for positive control (5.0% glucose - Figure 2B ), adhered bacilli were found. Rare cells were observed in the treatments with 0.5, 2.5 and 5.0% xylitol ( Figures 2C, 2D and 2E, respectively). 
Bacterial Detachment
DISCUSSION
Antimicrobial activity
The antimicrobial activity tests revealed that none of the tested concentrations of xylitol (0.5, 2.5 and 5.0%) for both the strains inhibited the bacterial growth. These results corroborated with those obtained by Ferreira et al. (2009) , who observed that xylitol did not show antimicrobial activity against the Staphylococcus aureus strain ATCC 25923. Silva (2010) Autio (2002) noted that preschool children who chewed gum sweetened with only xylitol (XyliFresh100%, Hershey Food Corporation, U.S.A.) three times daily for three weeks had decreased salivary Streptococcus mutans in relation to children that did not use this chewing gum. Ly et al. (2008) showed that xylitol chewing gum consumption (11.7 g or 15.6 g/day) during six weeks, significantly reduced (p = 0.0001) the Streptococcus mutans and Streptococcus sobrinus counts. The difference of turbidity in the chloramphenicol tests showed that the clinical strain, isolated from the hospitalized patient, had a greater resistance to the chloramphenicol antibiotic than the ATCC strain, confirming its higher pathogenic potential. The indiscriminate use of antimicrobials plays an important role in the resistant strain selections, and is probably the primordial cause of resistance, mainly observed in a hospital environment, where these drugs are more frequently used.
Anti-adherent property
Bacterial growth
The results were expected since the three xylitol concentrations tested in MIC did not prevent bacterial growth. However, bacterial growth was also evaluated in the adhesion test to ensure cell viability during the assay. Thus, these results confirmed that xylitol at tested concentrations had no bactericidal or bacteriostatic action on the two strains tested.
Bacterial detachment
For the strain ATCC 9027, the number of CFUs detached in the positive control (5.0% glucose) was lower than the number of cells detached from the slides treated with xylitol, indicating its possible anti-adherent action. As expected, most of the bacilli should adhere to the slides treated with glucose, during the xylitol treatments, the bacilli were being detached. For the strain ATCC 9027, there was a dose-dependent relation since a positive correlation was found between the bacterial detachment and xylitol concentrations. Naaber et al. (1996) also found a dose-dependent inhibition of Clostridium difficile adherence to Caco-2 cells, using 1.0, 5.0 and 10.0% xylitol. The authors were unaware of the action mechanism involved, but suggested it might occur in vivo in intestinal cells. For the clinical strain, differently than expected, the number of bacilli detached from the slides treated with xylitol was lower than the detachment by the positive control (5.0% glucose). This finding could be explained by the nutrients availability increase (with the supply of glucose) and, consequently, the bacterial multiplication increase, resulting in a high number of cells adhered to slides and in a high number of released cells. Due to this bacterial growth increase, it was not possible to count the CFUs in the dilution 10 -3 , making it necessary to count them in the dilution 10 -5 . Furlan and Castro (2001) and Silva et al. (2007) suggested that the presence of glucose in the culture medium improved the specific rates of microbial growth. The negative correlation between the bacterial detachment and xylitol concentrations indicated that there was no dosedependent relation.
Bacterial adhesion
Aiming to assess whether xylitol was capable or not of minimizing the tested strains adherence, the comparison between the slides exposed to xylitol and the positive control slide (with glucose) was considered, since some studies (Brassart et al., 1991; Ferreira, 2007; Silva, 2010) have described that the microorganism's adhesion mechanism was carbohydrate-dependent (Locatelli et al., 2004; Ferreira et al., 2009; Silva, 2010) . For both the strains tested, the partial or total reduction of bacilli adhered to slides treated with xylitol, in comparison to the positive control (5.0% glucose) slide, reinforced the anti-adherence idea of the studied compound. The present results indicated that the basis of xylitol's action mechanism prevented the bacterial adherence. Ferreira et al. (2009) through SEM microphotographs, demonstrated the anti-adherent property of xylitol against Staphylococcus aureus strain ATCC 25923. Silva et al. (2010) observed, by both SEM and CFUs detached counts that xylitol (0.5, 2.5 and 5.0%) was able to significantly inhibit the adherence of Shigella flexneri (ATCC 12022 and clinical) and clinical Salmonella enterica serotype Typhimurium. Ammons et al (2009) found that 5% xylitol could prevent biofilm formation in vitro of a strain of P. aeruginosa isolated from clinical wounds. Kontiokari et al. (1998) evaluated the microorganism adherence in the presence of 5% xylitol which prevented the Streptococcus pneumoniae adhesion, and, in a lesser proportion, the Haemophilus influenza adhesion. Söderling and Hietala-Lenkkeri (2010) found that 4% xylitol inhibited six oral streptococci strains adhesion to glass, which indicated that xylitol could contribute to decreased plaque accumulation. Silva et al. (2011) found xylitol (0.5, 2.5 and 5.0%) as a sugar inhibitor for the adhesion of two Escherichia coli bacterial strains (ATCC 8739 and clinical enteropathogenic Escherichia coli -EPEC). New products studies, mainly of the biotechnological origin, have been directed in recent years in order to find preventive and corrective strategies for different diseases. All of this leads to the belief that xylitol could be a promising biomolecule, because it acts differently than traditional antibiotics by preventing the important microorganisms adherence to different surfaces. These results give xylitol a greater added value, since it reinforces its ability to inhibit the P. aeruginosa adherence. This new possibility of xylitol's use, especially in microbial colonization combat, strengthens this research line.
